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Charting the System: The Integrated Master Schedule as a multi-level and poly-
temporal boundary object in complex projects 
 
 
ABSTRACT 
This paper investigates the use of visual artifacts to represent a complex adaptive system (CAS). The 
integrated master schedule (IMS) is one of those visuals widely used in complex projects for 
scheduling, budgeting, and project management. In this paper, we discuss how the IMS outperforms 
the traditional timelines and acts as a ‘multi-level and poly-temporal boundary object’ that visually 
represents the CAS. We report the findings of a case study project on the way the IMS mapped 
interactions, interdependencies, constraints and fractal patterns in a complex project. Finally, we 
discuss how the IMS was utilised as a complex boundary object by eliciting commitment and 
development of shared mental models, and facilitating negotiation through the layers of multiple 
interpretations from stakeholders. 
 
Keywords: Time in management and the organisation, timelines, complex adaptive system, 
sensemaking 
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In large complex projects, it is difficult for members to develop a holistic/systematic understanding of 
the entire project. This is due to the large number of organisations involved, the number of parts, 
modules and subunits that need to be integrated over a long period of time, before the end product of 
the project is visible. This is exacerbated by conditions of uncertainty and ambiguity in mega projects 
where, for example, the technology to be developed is often known, over a long period of time, 
involving a large number of stakeholders and across many geographical locations. For this reason, it is 
helpful to conceptualise projects of this type as a complex adaptive system (CAS) or ‘open, 
evolutionary aggregate whose components (or agents) are dynamically interrelated and who are 
cooperatively bonded by common purposes or outlook’ (Uhl-Bien, Marion & McKelvey 2007: 302). 
In order to explore how members make sense of their projects (Gioia and Chittipeddi 1991), we 
examine a range of dimensions of complex adaptive systems, through the lens of the Integrated 
Masters Schedule (IMS).   
 
In the paper, we present how an advanced scheduling tool, IMS, helps members ‘visualise’ and 
‘understand’ their complex project and to operate as a temporal boundary object. Boundary objects 
are ‘plastic enough to adapt to local needs and constraints of the several parties employing them, yet 
robust enough to maintain a common identity across sites’(Star & Griesemer 1989: 393). IMS, 
supported by multiple layers of ‘specifications’, enables the necessary modification of the ‘visualised 
system’ to capture the ‘just in time’ understanding of the complex projects, as a temporal boundary 
object. We illustrate the argument by presenting eight case studies that experience the visual effects of 
IMS in shaping their emerging project boundaries. 
 
Background to the use of Integrated Master Schedules (IMS) 
The IMS is linked to an Integrated Master Plan (IMP), and is usually used in large developments for 
procurements and acquisition in large government agencies, such as National Aeronautical and Space 
Administration (NASA) and Department of Defence projects amongst others. IMS, one element of the 
larger IMP, is defined as ‘a networked, multi-layered schedule containing all the detailed discrete 
work packages and planning packages (or lower level tasks or activities) necessary to support the 
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events, accomplishments, and criteria of the IMP of the project’ (Department of Defense 2005: 5). 
This new generational scheduling tool outperforms the traditional project timelines by visualising 
interdependencies among sub-systems (see Figure 1), articulating the boundary and constraints of the 
complex interdependent elements of task, people and processes in large projects and, as such, can be 
conceptualised as complex adaptive systems (see Figure 2). 
 
Insert Figure 1and 2 about here 
 
 
Complex Adaptive Systems  
The role of emergence is critical in a CAS. Emergence involves two critical interactive and 
interdependent mechanisms: the reformulation of existing elements to produce outcomes that are 
qualitatively different from the original elements; and self-organisation (Kauffman 1995: 23-28). 
However, three essential and often misrepresented aspects of the notion of emergence support this 
theorisation (Goldstein 2007). Firstly, emergence does not appear straight out of disorder but rather 
novel patterns have a relationship to earlier patterns. Secondly, there are structural ways in which 
emergence is channelled—there is a ‘built-in bias of the rules that constructs the ensuing order, not 
the commonly argued supposedly free spontaneous self–organising activity of the network’ (Goldstein 
2007: 68). Thirdly, diverse sources of order already existing in complex systems are the ‘nascent 
systems’ of order that are ‘transformed’ during emergence (Goldstein 2007: 70).  
 
These qualities of a CAS suggest that rather than viewing complex environments negatively as only 
innately uncontrollable and chaotic, there are possibilities for orderly processing of data, solving 
problems, and creativity and innovation as a function of interaction, interdependence and integration. 
Thus, there is a juxtaposition of both order and apparent chaotic change in these systems (Kauffman 
1995). It also suggests, as Prigogine (1989: 397) argued in ‘The philosophy of instability’, that ‘time’ 
is ‘the essential variable’. Scheduling tools can contribute significantly to the ‘collective’ management 
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of the ‘emerging’ system, as they can visualise the evolving structures and processes at different 
points of time in a long term project. 
 
IMS visualising interactions, interdependences, fractal nature and emergence 
Figure 1 demonstrates an example of the IMS, which visualises the skeleton of all the events, 
timeline, and groups, and their functional interrelationships in complex projects. By contrast, Figure 2 
outlines how the IMS visualises the static interactions and interdependencies (e.g. tasks, resources) 
and then the conflicting constraints using a different view in the system. Taken together, the pictorial 
representation of the interdependencies and constraints articulates the essential interdependent 
elements operating in tension in projects when viewed as complex social systems (Uhl-Bien et al. 
2007). Furthermore, the IMS is able to capture the fractal nature of CAS, which is explained as 
‘irregular shapes that repeat themselves in nature’ (Cooke-Davies, Cicmil, Crawford & Richardson 
2007: 53), and helps to explore the formation of complex patterns. For this study, the notion of fractal 
behaviour is of particular interest as complex projects are usually comprised of many smaller 
interdependent projects all marching to the ‘same beat’ (see Figure 1 for the fractal patterns).   
 
The importance of emergence was outlined in the earlier discussion of CAS. This notion of 
transformation of the system but bounded by earlier patterns and rules and constraints specified in the 
system is core to understanding the evolution of complex projects over a long period of time. The 
IMS provides an ideal platform for capturing historical patterns, outlining interdependencies, 
specifying rules and constraints at the various higher levels and based on the current elements of 
‘certainty’ within the system, but at the same time IMS also allows flexibility for the uncertain 
elements of the system and for modification of the timeline and specification of sub-level schedules 
and interdependence as they emerge.  
 
According to the National Defense Industrial Association (2009: 4), IMS provides ‘a road map for 
how and when the project will deliver its products and/or capabilities’, as ‘a living plan that will 
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evolve over time as a consequence of change’. The Office of the Secretary of Defense in the USA 
explains the positive effects of visualisation of IMS to reduce uncertainty in projects. The IMS is 
regarded as a vital artifact necessary to provide the ‘big picture’ in planning and implementation of 
detailed project activities and milestones defining daily activities (National Defense Industrial 
Association 2009). Without this visualisation, managers only guess at and react to unexpected events 
(National Defense Industrial Association 2009). Therefore, the visualisation of complex projects 
through IMS support helps agents to make decisions when unplanned events emerge, engaging 
stakeholders and receiving feedback.  
 
IMS as the temporal boundary objects in complex projects 
Various researchers have identified the role of sensemaking in the successful management of projects.  
According to Gioia and Chittipeddi (1991: 442), sensemaking is ‘the meaning construction and 
reconstruction by the involved parties as they attempt to develop a meaningful framework for 
understanding the nature of the intended strategic change’. Through sensemaking processes (Weick 
1995), meanings are offered, accepted, created, and negotiated through discursive and textual 
accounts (Gephart 1993). In a larger-scale complex adaptive system, individual agents signal their 
commitment to one another by using tags, such as artifacts, common language, or beliefs (Boal & 
Schultz 2007; Hazy 2006) as part of this sensemaking process. Drawing on these understandings, we 
suggest that the still image of the IMS provides the narrative logic of tasks, milestones, and start and 
finish times, and becomes a helpful device for sensemaking and commitments, provides a shared 
mental model and a framework to talk to each other to orchestrate multiple interpretations of complex 
realities. 
 
Specifically, during the cycle of projects, timeline tools are often used for collective sensemaking to 
guide members through the uncertainty and complexity of the projects (Yakura 2002). Putting 
together the schedule at every level requires first an understanding and then articulation of the 
interaction and interdependence among different sub-units. By visualising the interaction, 
interdependence, and fractal nature among sub-components of the complex projects, the IMS 
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potentially facilitates systematic thinking in managing complex projects. At the same time, this IMS 
defines and negotiates the boundaries of the loosely or tightly coupled sub-systems through the 
project life. This enables sub-systems themselves to self-organise, as ‘a living plan’ (National Defense 
Industrial Association 2009); without too much control and interference from elements outside the 
boundaries of the sub-systems. 
 
Once a master schedule is produced at the highest level, it enables the agents responsible for the sub-
systems to check for each other’s understanding of the common goal and the ‘execution plan’ to 
achieve this common goal with other agencies. Furthermore, the ‘signing off’ of the overall IMP 
signifies a formal commitment of the sub–agencies to this execution plan (National Defense Industrial 
Association 2009: 10). Once a commitment is made to the IMS as an ‘ideal’ schedule (Yakura 2002), 
this integrated schedule is used for monitoring and negotiation. It should and often is also used as a 
promotional tool for interactions and interdependencies (temporal and other) when individual sub-
systems intend to modify their overall commitment to the higher order systems, perhaps due to 
technical difficulty and resource insufficiency. 
 
METHODS 
We adopt a multiple case study methodology as the overarching strategy for this study (Eisenhardt 
1991; Yin 2003). Data was collected from a public sector organisation in Australia responsible for 
$4.8 billion on capital acquisitions projects. The organisation manages about 200 major projects (over 
$20 million) and more than 150 minor projects (under $20 million) in 2009. Projects investigated 
through the multiple case study have similar characteristics such as technological difficulty, complex 
structural relationships between sub-projects and multiple stakeholders and are scored and 
benchmarked over the typical lifecycle period of 12 years. Many of these projects are the subject of 
considerable parliamentary and public interest to ensure on-time, budget and capability.  
 
We selected eight long-term projects using the three selection criteria of complexity, maturity and 
success. We gained access to projects of the highest complexity in the organisation (project 
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significance, schedule complexity, technical difficulty, and budget over $500 million). We also 
captured different phases of beginning, middle and the end of the projects to understand the unique 
role of IMS in the temporal phases of projects. The level of success has been determined by the 
organisation and the Auditor-General’s assessment.  
 
The major data collection methods include interviews, secondary sources and non-participant 
observation. In 2009, we selected interviewees based on strata sampling and in discussion with the 
senior director of each project: background, level of project management experience, and decision-
making levels. As a result, a total of 33 directors, managers and technical staff were selected across 
eight cases. Although the interviews investigated various aspects of project success using leadership 
measurement metrics (Hazy 2006), this paper focuses on the criterion of process and time 
management: (1) how to trade-off timeline and project success factors, and (2) how to manage 
different milestones and tempos, contributing to the overall long-term project goals. For interview 
analysis, we used a qualitative software program ‘NVivo’ (Bazeley 2007). We first organised the data 
by interview questions acting as ‘initial priori’ coding, and then conducted ‘open’ coding to capture 
salient issues within an individual and a group. While validating meanings across the initial priori 
codes, open codes and literatures as iterative processes, the visual effects of IMS has emerged as a 
significant factor in shaping project boundaries and responses.  
 
We collected data from archival records and other available data sources. The set of documents 
included annual reports, projects reports, performance audit reports, the Auditor-General’s ANAO 
reports and the project timeline and status. In particular, an IMS user manual allowed us to see how 
the IMS visualises interactions and interdependencies of multi-layered evolving project activities over 
time. In addition, the researchers were invited to work sites and observed how the IMS are maintained 
by schedulers interacting with multiple users and how various outputs of IMS were visualised in 
worksites. This non-participant observation helped to validate and synthesise our understanding of 
members’ perceptions and project and organisational documents. Overall, the combined use of the 
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three methods helped the authors to draw an integrated explication on multiple roles of a project 
timeline tool in facilitating emerging dynamics of complex adaptive systems (projects) and leadership.  
 
FINDINGS 
The analysis of within and across eight cases identified the overarching visual role and outcome of 
IMS in complex projects as: (1) a multi-level and poly-temporal boundary object; and (2) 
sensemaking. These key themes will be illustrated in this section.  
 
IMS: multi-level and poly-temporal boundary object 
All eight projects involved the development and integration of highly technical products within 
complex structures (e.g. alliance or matrix) engaging multiple stakeholders. The IMS has been 
uniquely used in each project operation. However, IMS acted as a multi-level and poly-temporal 
boundary object in the aspects of (1) the visual, (2) local adaptation, (3) mapping the system, and (4) 
project contract.  
 
The first common practice across six projects (A, B, C, E, F, and G) was the active use of the IMS as 
the visual to maintain project identities. As an example of this theme, it was found that a picture of 
key milestones, blown up to ‘the size of the wall’, and the process whereby people were able to ‘walk 
around’ and ‘see the number’ was a common approach. Everyone in the projects had real-time access 
to see the overall as well as detailed plans on-line. Members then showed ‘vivid demonstrations of 
progresses’ to stakeholders.  
A picture paints a thousand words, so that is our scheduling, pictorial form based on the 
number of years and the activities are colour coded on, I can discuss with anyone. (G1)  
In fact, the IMS created a concrete visual but was flexible enough to represent and communicate 
unique aspects of projects as textual agents. 
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Managers (Project A, D, E and G) also expressed their views that the IMS mapped the system of 
complex projects, weaving interactions and interdependencies of emerging projects at multiple levels. 
IMS visualised ‘logic and critical paths’, ‘work breakdown structures’, and ‘how much thing overlap’. 
Managers were able to break their projects into ‘manageable’ pieces in temporal phases/segments and 
then click to an ‘entire schedule’.  
The overall schedule is put together by an overall build-up of work breakdown structure 
approaches to life which analysed each task and the time. (A4)   
These multi-level and poly-temporal boundary objects enabled members systematically to map their 
tasks, search patterns, foresee risks and navigate emerging project pathways.  
 
The visual role of IMS has been also demonstrated to facilitate local adaptation integrating sub-
systems. Four project groups (A, C, E and F) strongly supported the idea that the IMS enabled local 
managers and external contractors to develop their own schedules and then systematically integrate 
into a master schedule.  
High level schedule is fixed. The strategy there obviously was to enable each of the project 
managers to develop their own schedule and then bring all that together. (F4) 
The fractal nature of projects was highlighted when interviewees described how the IMS shaped sub-
projects and was shaped by multiple groups. However, Project B experienced difficulties in pulling 
sub-groups together, as the IMS was too complex for non-schedule-specialist individuals to log-in and 
change but instead required professional schedulers.  
We actually need to start reaching into other schedules in other projects within other 
division,... because different people were using it in different ways, the schedule won’t allow 
you to do that. (B4) 
The technical complexity thus sometimes limited how some managers used the IMS to guide their 
projects as a flexible boundary object. They felt the IMS was an ‘unmanageable big beast’. 
 
Further, the visual effects of the IMS extended to transform itself as a formal agreement of contract. 
Five projects (A, C, E, F and H) expressed the important role of IMS as expressing legal boundaries.  
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Even though there was no formal contract in the developmental phase, the IMS played an active role 
in binding all organisations together, especially in Project H.  
A proper schedule and a realistic schedule would be put together and understood and agreed 
to by all organisations because there are no formal agreements. (H1) 
The IMS was also flexibly used and shaped by multiple users, but was tight enough to regulate their 
project boundaries, according to several of the project groups.  
 
IMS: Sensemaking effects of the multi-level and poly-temporal boundary object 
Many of the projects under investigation made the IMS visually available to all project members to 
remind them of the shared goal, the interdependence among sub-systems and the commitment they all 
made to various performance indicators associated with the master schedule in terms of time, outputs 
(quality and quantity) and shareholder satisfaction. These sensemaking effects of the IMS include: (1) to 
facilitate shared mental model, (2) to assist negotiation about the needs and challenges of the project and 
(3) at the same time, to assist the possibility of multiple interpretations of project timelines.  
 
Managers interviewed supported the view of the positive and potential role of the IMS to facilitate a 
shared mental model for their long and complex projects. Especially, managers in four projects (A, C, 
E and H) expressed how positively IMS contributed to bringing all people towards a common goal 
and commitment. IMS showed ‘everyone the road’, helped ‘bring together other divisions’, and 
provided ‘support and direction for the higher level’. It was effective ‘for everybody to be on the same 
page’ and to understand ‘others role’.  
It gives you that sense of knowing what’s coming up and where things are at. It’s so 
important for everybody to be on the same page and to understand everybody else’s role. (E3) 
On the other hand, four projects (B, D, F and G) emphasised that more rigorous communication and 
engagement of all the project teams was needed to input into the schedule to ensure good practice.  
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In addition, managers in Project A and B perceived IMS as an enabler, helping members to constantly 
monitor and negotiate the static schedules and emerging realities. Because it is ‘really visual’, the 
IMS is a real indication to monitor actual ‘achieved progress’. The IMS as a common language also 
facilitated negotiation with contractors. Project G used different types of schedules generated from the 
IMS to positively satisfy different target audiences.  
 Depends on who. If it’s for management, then big picture is better for senior management. As 
part of the deliverable to the government, they need to see a full schedule. (G3) 
On the other hand, in Project F, the scheduling was too complex and became ‘not meaningful’, failing 
to help members to monitor and negotiate the gap between ideal timelines and evolving realities.  
They become various milestones in a schedule..okay, how long do you think that’s going to 
take and you might factor in a bit of a safety margin, a fudge factor... even the idea of a 
critical path is really not that meaningful. (F2) 
The data integrity of the IMS has been also questioned, and the interviewees suggested that IMS 
required rigorous application and maintenance work all the time. 
 
However, while the IMS demonstrated its visual effects as multi-level and poly-temporal boundary 
objects, the complex nature created challenges to collective sensemaking. Various versions of 
schedules such as contract, ideal, and different versions of actual schedules generated multiple 
interpretations.  
It is not always that simple because they may interpret their requirement by the contract 
differently to what we do.(C5) Trying to get an integrated schedule together has been a real 
challenge...in terms of actually understanding what a real schedule is meant to look like. (E4) 
One project leader suggested that more than ‘4,000 pages, 1200 pages of specifications and 6,500 
individual requirements’ up to ‘10 years beforehand’ were open invitation to varying interpretations 
from various project own perspectives. Thus, going back and re-writing previous agreements has been 
one of major challenges in Project D. This suggests that varying interpretations trigger emergence of 
complex projects and are in turn constantly reflected and adjusted within and by use of the IMS.  
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CONCLUSION 
This paper has drawn on timeline, boundary objects and complex adaptive system studies to explore the 
way that the IMS acts as multi-level and poly-temporal boundary objects. Results of our study highlighted 
the visual role of the IMS that contributed to localising, integrating and legitimising the operation and 
relationships across their complex systems. The IMS provided shared pathways visualising interactions, 
interdependencies, and fractal patterns to make sense of long term complex projects. On the other hand, 
although project staff express concerns about the challenges of varying interpretations, and the range 
of responses by leaders and members when making sense of project complexity using the IMS, four 
projects (A, C, E, and H) positively experienced the IMS as a multi-level and poly-temporal boundary 
object. While project B and F expressed the impracticality of IMS due to its technical complexity and 
complex project nature, the remaining projects (D and F) supported the visual role of IMS but 
expressed concern about the practical challenges in mapping their complex systems.  
 
In particular, the technical complexity of the IMS sometimes hinders the capacity of IMSs to be 
employed as boundary objects. When this occurs, the IMS is viewed as an administrative challenge 
rather than a project enabler. However, this limiting tension occurred in two of the projects out of the 
eight projects we studied. The majority of the projects benefited from using the IMS as this boundary 
object facilitated co-ordination and cohesion. IMSs provide a detailed and holistic visualisation of the 
whole project with a far greater transparency than is usually available in these complex emergent 
environments to project managers, team members, and multiple stakeholders. This visualisation is 
more holistic than any one ‘leader’ agent could provide and thus the IMS acts as a powerful enabler of 
collective sensemaking. By facilitating understanding of the interactions and interdependencies of 
specific project groups, the data demonstrated that the IMS disentangles the domains of complex 
adaptive systems. Beyond the traditional timeline, the IMS was concrete but detailed and flexible 
enough to guide, legitimise, negotiate and interpret complex project boundaries, as new technical, 
resource and scheduling challenges arose.  
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Figure 1: Interactions - IMS combination view with network relationships (KIDASA Software 
2011) 
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Figure 2: Interdependencies - Example of a constrained IMS (Department of Defense 2005: 50) 
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